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VinpocetineCurrently the most prospective way in pharmacotherapy is the obtaining of nanoparticles involving
pharmaceutical substances. Application of porous inorganic materials on the basis of silicon is among
the main features in solving of this problem. The present work is concerned with the problem of the
deposition of pharmaceutical drug with nootropic activity – vinpocetine – into porous silicon. Silicon
nanoparticles were obtained by electrochemical anodic etching of Si plates. The process of vinpocetine
deposition was studied in dependence of the deposition time. As a result of the investigations it was found
that infrared transmission spectra of porous siliconwith the deposited vinpocetine revealed the absorption
bands characteristic of vinpocetine substance.
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).At present the idea concerned with the use of nanostructured
containers for the targeted delivery of pharmaceutical drugs is of
a great interest among the experts in the field of medicine and
pharmacy. A prospective feature in solving of these problems is
the use of porous inorganic materials on the basis of silicon. Quite
simple technology of production, large surface area and adjustable
pores diameter in mesoporous Si make its use rather appealing for
the targeted drug delivery. Porous containers can be used for the
payload of both hydrophilic and hydrophobic molecules.
Vinpocetine has been shown to improve cerebral circulation
and metabolism in the treatment of various types of cerebrovascu-
lar circulatory disorders, e.g., cerebral infarction, cerebral
hemorrhage residual and cerebral arteries cirrhosis, etc. Due to
its poor aqueous solubility and extensive metabolization during
the first pass, its clinical use is greatly restricted to the low
bioavailability after oral administration and so there is a need to
improve its poor aqueous solubility to increase the oral bioavail-
ability. An oral formulation with a high degree of oral absorption
would, therefore, be highly desirable.
Mesoporous silicon with a transverse pores size of 5–25 nm
(TEM data) and high enough porosity (>50%) proves to be most
suitable for the use as biocompatible container materials for the
pharmaceutical drugs delivery. Specific surface area of the samples
was of 250 m2/g. Porous silicon samples were obtained by electro-
chemical anodic etching of silicon plates with n-type conductivity
with the use of hydrofluoric acid, isopropyl alcohol and hydrogenperoxide according to the technique described in [1] and after that
it was crumbled in an ultra-sound bath up to the mean-size of
particles of 20–30 nm [2]. Infrared Fourier spectroscopy was
applied for the study of chemical bonds in PSi nanoparticles at
the different stages of the process of their fabrication within the
wavelength range of 500–4000 cm1. Deposition of vinpocetine
on the surface of porous silicon was performed from a solution
prepared by solving of 0,005 g of vinpocetine in 1 ml of distilled
water for 20 and 60 min.
The presence of vinpocetine was identified by the degree of
coincidence and characteristic frequencies of the functional groups
in the investigated substances according to the reference data [3],
that are partially given in Table 1. IR transmission spectra of porous
silicon with the deposited vinpocetine in a dependence on the
deposition time are presented in Fig. 1. Analysis of the obtained
data indicated at the increase of vinpocetine concentration on
the deposition time that was observed as an increase of intensity
of the absorption peaks related to vinpocetine. No chemical bonds
between silicon and vinpocetine molecules were detected. Analysis
of the obtained data indicated at the increase of vinpocetine con-
centration on the deposition time that was observed as an increase
of intensity of the absorption peaks related to vinpocetine.
No chemical bonds between silicon and vinpocetine molecules
were detected. Porous silicon composition did not considerably
change as compared with the original samples. It means that
physical adsorption of the drug preparation on porous silicon is a
prevailing process in the investigated system.
The work was performed under support of grant of the
President of RF (MK-4865.2016.2).
Table 1
Assignment of characteristic frequencies of absorption in IR spectra to the functional groups.
Functional group (structural fragment) Wavenumbers, cm1 Notes
Carbonyl group AC@O 1700–1680 Strong, as a part of carboxylic group
1800–1680
Amides 3500–3200; 830–850 Primary amide, double band
3450–3310; 1650–1550 Secondary amide
1780; 1380; 830 Characteristic shape of the peaks
Carboxylic acids 1650–1550; 1440–1335
770–400; 1690
Fig. 1. IR transmission spectra of vinpocetine substance, porous silicon and porous silicon with deposited vinpocetine in a dependence of the deposition time.
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